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,7;,g e&nﬁi*ions. The prescure-velocity constanx of fhe

idutermine both velocity and static Pressure. -The 1nstru— rf?

w&&ﬂ;thﬁ'61rectlon of flow is not known. The indications of the

jweﬂe— wpreover, to be as incdependent as possiblerof the

refor Jcss uurbulent nature of the flow. Lastly, the geometric

inst:ument vas to be cesily and accurately repxoduci-'—{
4 1% would not be necessary to calibrate each individual
'ﬁbieove:, it should be able to stand rough handling,

'inﬁ neges will show. Not all the experiments, which have‘f
7:bﬂreé to the solving of the individual problems, will be de- fv:
:cribed, Only for the vltimately cstablished form, the Pitot- 7
itatic tube of Prandtl, will it bc shown as to how far the above
stipulations have becen met and brief dcecriptions will be given of

-only such intermediate experiments as are of practical importance. -
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A Pitot-static tube can be employed in various wgés- We mé?r
~ither employ an air current, in which the instrument is at rest
~r the instrument itself can be made %0 move in straicr‘zrt cz c.’sr »
Lar path through gt11l air. The fundamental distinction be+ween
.tbese t70 methods is not due to this difference (which accorﬁi
to the lows of relative motion, is really no éifference at alE), =
but only to differences in tae environaent, which somewhat affeéf

the exverimental results. The first method was employed in mést

of the experiments under consideration, in so far as.tngy,relata§

to a comparison of different instrument forms or %o tescting the

game instrument ot different antles to ihe direction of flow. The
actual ragnitude of the pressure-vélocity constant was Cetermined
by calivbration in circular motlon. The resultes obtained in alr
naturally apoly to other fluids.

For the comparative experiments, the ventilator plant of the
Institute for spplied Mechanics of the Gottingen University and %
wind tunnel of the GOttingen Aerodynamic Leboratory were pliced
our diswosal. The ventilator —lant of the Institute is représen
ed by Figs. 1 and 2. The Sirokko fan (driven, through a belt, by
a 2 HP. shunt-wound motor) sucks the air, through a pipe of 300 -
inside ciameter, from the Toom A ané forces 1t back again into tbé
same room. The entrance to this pipe from room A consists of a

well-roundec funnel, in orcder to obtain the smoothest possible
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le, Smsething devices, such as “honeyeorbs" and wire geuzs in

fr&ﬁii f€§e~exper1ment section, hindered a uniform velocity dis-

ﬂrrtribution throughout the cross-secticn anc were Giscardea after

Immedlately in front of the fan there is & coarse honey-

_ - for the purpose of prevenbing retctions of the fan on the
::§§5ﬁipe- The nipe ig graduzlly enlarged %o about quadruple the
093-sectlon at its exit end, so as to reduce as mich as possible -

ihe velooi ty of the air reentering the room aA. This rooum ig, more-~
gver,~so large and the exit end of the pipe extends into i% so far
~that the air comes completely to rest vefore heing again drawn into

the nipe. The suction plpe consisted of sheet-metal sections

 facilitate their removal, which ras of soecial importance in the
'i?turbulence experiments. A4ll joints were mede tight with putsv.
A mean velocity of O to 17 m/s could be obtained at will in
¥the inta¥e or suction pive. This mas roughly adjust ed by changing
the tension (220 ané 440 volts) and the gear ratio between the mo-~
tor ané the f=n &nd by partially ciosing the exit or pressure pipe
by means of the velve S (Fig. 1). A rheostat in the field of the
 ﬂ:motor served for the fine aljustment end meintenance of the desiredf
“ revolution spesi in cpposition to tension variations in the circuit{'
and the effect of the heating of the motor. FoT testing the uni-
formity of the air flow, the oressure ¢roo in the intake pipe as
comparéd xith the pressure in the room & vas neesured and vas

found to be provortionsl to the square of the quantity of air dra'm =
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- in. The ad;justmaﬁ wag originally made by hand in & —
- indications of the control manometer, but it was subfseg;ﬁ LY
with the aid of an automatic presmre—ragt%ato

ciple of a manometric balance. (Regarcing the deta

pressure-regulating device, see Kréner, "Versuche uber Strémungen

in sta.r‘: e-'wei“a erten Kanalen," Forscnungear‘qeitm &

ﬁ",,ﬁes I@&ﬁi&ﬁ*esens, No. 2223, ¥ published oy the%

"ng:.neers Ber’im 1990)

A mtata.’bla section X (Figs. 1, 3 & _45};, providﬁ& :

diamte* and uurrxed e’oout the exis of ’é‘a:e 0 ;'

ured at the axis, vas, et the most, 0.25%, £o that

- preesure Ceviations were really due to tne obliqui

]

tube and not to any locel cdifferences in velocity. Control tes*bs

were also made in o rectangular channel, in which the nose of the

“nel. The curves thus obtained agreed oerfectly witn those obi

n the above manner.,

TR o BT
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TECHNICAL MEMORANDUY NO. -303.

PITOT- STATIC TUBES FOR DETERMINING THE VELOCITY OF
Ey H. Kumbruch.

I. - INITIATION AND PURPOSE OF THE EXPﬁRIthIﬁS?

ready done work of this character, and was fiﬁ&ﬁ%gi;;;
by the Society of Germn Eng;neers (Verein dewtscher In

The ‘experiments extended through a nurber of years, part;

* o the initial measurements were rade with teghnieally inagen:

S -
B S

paratus. Moreover, the field of 1nvestigation was sub

enla:rged by the introduction of the nevly invented Pi

tubes of Professor Braob€e, Charlottenburg,- and of the Gecrg o

enmuller flrm Dresden, as also of two older baffle—pla:he fﬁms;

- for comparatlve experiments.

g
=
:
E
5!
s
£
§
%
:

I am grestly indebted to Profgessor Prandtl for h:.s freque

suggestiens aml assistance in carrydg out the expeﬁmt:s; My

. i ,,,,,,,thanks are likewise due to the Society of German Eng;neﬁrs fo:r :




-2 %ﬁe effect of the epindle on the pfé§§ﬁ§é>”m&
tatic tubes, they were aleo turned about .
icular to the spindle. Thesefexperimantsfr

’the 23x2n tunnel. By thls redactian in :

rcular ccaWe for adjusting ﬁheAanparafus lay out-

77€heAakr atream. ' The apparatus was turned from 45 to —45
TﬂO'Krell micromanometers (Fuess tyoe), with alcohol filling,
fe ed for all the preqsure experiments. They were czlibrated by
su‘,essxve additzons of known quantities of alcohol. For greater
nolinatlons,:a plpette sufficed for the determination of these
quantities, t&e specifxc gravity being determined by means of a spe-=

1fic gravitv botule. The greater or less agreement of the scale

;eicn ratxo coula be used in the computations for every inclinatlon

aempieyéé- !0: the calibration ef the very flat oositions som=timesz
£f 1: 70

mployed in whirling experiments (e.g., an inclination o
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with a manometer placed in the direction of the wind), the quantity
of fluid was weighed and allowance made for even slight 73:%%#222%; 
of the conversion ratlo above the vertical height.

The special devices employed for the turbulence and ﬁhxrling—w
arm experiments, including the method of calibration, are descrfbaE,

farther on.

I11. - THEORY OF PITOT-STATIC TUBES. - - -

Velocity measurements with Pitot-static tubes céﬁsist in fi
ing the difference between the pressure on the nose and on 1:119”'E
smooth lateral walls of an immersed golid of revelu"" 7
is »arzllel to the direction of flow. The nressure on the nose iA
the resultant of the dynamic pressyre (Q = Y v®/3g) and static
pressure. The pressure on the.lateral portion of the surface is
the sum of the static vressure and of a negative pressure cq ©Ppro
portional to the dynamic pressure. Erhe difference of these two
pressures is independent of the magnitude of the static pressure

and is therefore proportional to the dynamic pressure. It is
p, = (1l +c)a=~Fa t
in which B 1is tne pressure-velocity constant of the Pitot-static
ftube. Both ¢ and B depend on the location of the measuring |
point on the lateral surface of the cylinder (Blasius, "Ueber ver
schiedene Formen Pitotscher Rohren," Zentralblatt der Bauverwalt-

ung, 1908). The pressure cistribution on a revolution solid can b&




—ealoulated in certain cases according to the princinles of hydrody=
namics {mtential motion). The simplest case for this purdose is
that of the conoid created bv the supersosition of a parallel flow
—and the flow from a concentrated source (Fig. 8). The surface {(or
,;C§urve .8 1in the figure) separsetes the outer en¢ ianer fiow..vlt is

__iGentical with the meridian of the conoid. The curve a shows the

';uisi:ibutlon on tals conoid. The stetic pressure is as-

' suﬁed tb—%e zeT0 and the pressure p 1ie given in fractions of the.

Auynamxc presoure of the flow et infinity qg = ¥ voz/zg At the tip 7;?

sspar“tlon point), the;e 1s the full dynamicrgressure. Lzteral ly N
rom ta;s 3oint the nrecsure fallsg ranldly;fpaéses througn zZero,
wreaches 1ts minimim value (W~1cn on the conoid, is 1/Z of the G&y-
nenic presqu*e) end asymptotically approacines the pressure of the
ungisturbed flow. At e distence of cbout 3d from the center of
(& = the thickness of the conoid st infinity) the negafive
= ressure on tne ~ell of the conoid is 2% of the dynemic precsure.

n reality, it is never =z question of strict »otenti:z) motions.

The flov itself is rmostly turbulent enc is —ace more turbulent ov
the introduction of the Pitot tube, but the commuted &
‘préssure cistributions have voen found to agrce very well for the

ortion of thae conoid involved in tae exaerlment uncer consicderation

G. Fuhrmann, "Theoretische unc experimentelle Untersuchungen an
Ballonmodellen,” Jahrbuch der lotorluftschiff-sStudiengesellschaft,
f3911-1912.) The ceviations first become noticezble at the Tesr end

of the conoid.
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IV. - PRANDTL'S PITOT-STATIC TUBZ. - =

1. 018 foxmja Figs. 2 and 10 she& the first Pi%e%=%§§%§c ta
constrquea on tbls prlncznle. Its ncse is somewhat mﬁ:e :
than the conoig 3ust considerad {about half a revolution‘ellipsoi
with an axis vatio of 1 : 2). The pressure cistribution slong the
revolution so0lid is not thereby aifected. To the nbse (of'éiamef»
d) there is joined the cylindrical portion of the tube with four’
perforations, at a cistance of 4.3 4 from the tip, fpi the a&%a
nation of the static pressure. This instrument partialli ful £i’
the conditions mentioned in the introduction. Up to &ﬁ.gqgkéiﬁf
about 17° to the direction of flow, it givgsiiﬁégi,, From
sure (Fig. 11). Herc, as in all subscquent simil&r diagrams;if
deviations in the individual pressure readings, when the iné{%E
is inclined to the direction of flow, are always shown in hundred
of the dynamic pre<sure at ths zero position, - when the ax1s:ofi:;
Pitot-static tube is varallel to the direction of flow. The veloo-
ities at which the exveriments were performed are noted on ﬁhe dla
grams. he relative error is independent of the m¢gn1tude of the
velocity. The ervor indicated for the dynamic pressure relagés to
the square of the velocitry. The error in the velocity itself is
therefore, for small inclinations of the axis of the instrument t&

the direction of flow, only half as large as for the recordec dyn

* This instrument is described in the "Mitteilungen der Prufuncga
stalt flir Heizungs-und Luftungseinrichtungen,” u&arlotteﬁburg,ri




r'/’
10

—{;gxessure-* Theeerfor in the dynamic pressure at 20° is -2% and at

m?&bc,it ig about 16.5% of the reading in the zero position.
~}Ih§—behavier:of the Tear perforations in the oblique flow is

1se:?ery favorable. The deviations in the stetlc pressure

most of the instruments yet to be descrived. The pressure-

16city constant of the Pitot-static tube is 1.013, i.e. practical-

e gL'Vgew,ferm.— In gpite of its very favorable characteristics,
éhéséfpﬁg was subseqﬁently abandoned, chiefly because of.thefdiffi¥?;
culty of accurately reproducing the shape of the nose. It was re-
placed by the Pitot—statie tube shown in Figs. 12-14. To the cyl-
indrical portion there was joined, instead of the semi-ellipsoid,

a hemispherical nos¢ of diameter é. The other dimensions are vased:
on this quantity &, in so far as they affect the manner of func-
tioning of the instrument. The nose has a cylindrical passage.of
‘diameter, b = ~ 0.3 d and a depth of at least 3 d. The best bore -
was determined by experiment. Figs. 15-18 show the effect of three -
“different bores on the dynamic and static pressure. For bores

smaller than 0.2 4 the dynamic pressure in an oblique position falls i{

more rapidly, but for greater bores it showe a depression whereby - -
* This ratio is obtained by the binomial development of the expres—’

sion 4 1 + x, which gives J1+x=1+ 2 g?+ .

1f the series is broken off after the linear term in x, the ratio - 3
utilized is obtained. =
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writh three different instruments, since they had to be use&

viations in direction. This slot was located about 3 d ﬁback ;

B oblique position, the width of the slot has practically no effect
" on the measurement of the difference. In order to eliminate the

- .ffect of the spindle (which contains the pipes serving to transmi

- the press

the error first climbs to barely 4% at 16° inclination and t

falls. The static prossures are practically equal for 511;11
vores. The Gissvmmetry for the instrument with no:m&l vore mafiﬁéu
due to inaccuracies of shape. The experiments were,nn$ peftﬁrmsi :

-~ith the same instrument by increasing the size of the bore, buﬁ

for the turbulence'exveriﬂpnts. Instead of the four re&rv‘

tions, there was a slot extending entirely around the ﬁdbé

the nose. According to Fig. 8, the preqsure was alread

mately static at this point. A further diminution of th

which might be desirable for a locally disturbed flowi would in-
crease the pressure-velocity constant.of the instrument, due to
increasing negative pressure toward the nose, and make it more

sitive to turbulence. &ny increase in the distance beyond 34,

however, does rot give any considerable improvement 1n either dirz
tion. The width of the slot was about O.1 4. Too wide a slot i
creases the pressure-velocity constant of the Pltot-static tube
somewhat, by increasing the suction of the passing air and makes

chiefly dependent on the 1nterna1 structure of the tube. In the

sure from the nose and slot) on the pressure readings, the
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vlstancefbetween tha slot and spinile should be 8 %o 10 6, in which

5 repi?ﬁéﬁ%s #he thickness of the spindle. A less distanne rakes

+he nressure;d;stribu*ion on the slot unsymmetrical and increasea .

the pr&éﬁ&re xeasured in the middle Qf 1t. The spindle’ is nressed ,77'

flat, in ovder to d*minzsh ag rauch as posqible tne disturbance

~iscd by 1ta, How' far forvard the effect of the spindle extends,

cyhndri ea.}% e@neid by cal cula.t:.ng
nter of dynamic

can be easily ﬁeterssnsd ‘ar a

the loss in velocity on txe axis as far as fhe ce

prﬂssure (v ‘0 m/s) and therefrom the pressure jpcrease accord— -

ing to the equation of Bernoulli. Fig. 17 gives the prescure for

2 laterally. infinite conoid {"cven problem®), hence for a Pitot-

static tube with double spindle. With a ona—sided spindle @e can

make the mean pressure ‘increase a2t the slot only half as great.

agnlies to a one-sided spindle. The pres—

.is about 2% of the dynamic

The distance of 8-10 6

sure increase at the distarce of 100
ffset the negative pressure

pressurec. This increase serves 10 O

at the slot. If there is another spindle, as is often the case

~ith instruments for very large pipes, then, with othcrwise 1ikeri5

_dimensiéns of the conoid, the distance between slot and spindle

rust be 18 to 20 8, if the coefficient of the pitot-static tube

ig to remain 1. 1In the latter case, howmever, we can move the

in order toiggogérincreasing the length

~lot nearer to the nose,

In this casec the distance between the two must be;

of the conoid.

about 1.7 d.
of the inner mechanism of the Pitot-static tube, only that =~
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portion is important, which receives the pressure of the siot.
When the instrument is inclined to the direction of flow, theré is _
no continuous couilibrium inside, but the air flows through the
slot. In order that no chance intermediate value may be measured
in this flow, the slot first opens internally into a chamber, in
#hich the pressure can reach & state of equilibrium. The tubes ft
transmitting the slot pressure terminate in this chamber. It:iéf?
very important for the correct functioning of the slot, that ;;g,
edges shall be accuretely shaped. Careful attention must be éévén
this metter in making the instrument.

Figs. 18-19 show the behavior of the Pitot tube in the iﬁ?liiz{
positions For the above-mentionéd reason, the instrument was': |

turned about both its spindle axis and its transverse axis. The

Uaddediidtodb bl 414

I

indications of the Pitot-static tube, in the measurement of the

. pressure diffierence, werc aifected on the one hand by the behavior
of the bore in the nose and, on the other hand, by the slot. Both

were tested separately and had to be so shaped as to meke the preé+

bbbl

sure changes cqual for as large an angle as possible, in order
for the difference measurcment within this angle to give constant
values.

The prescure data of the nose are given only for the trans-
verse turning. Like curves are obtained by turning about the spi

.. dle. The resultant pressure falls with incroasing obliquity. This

éf is casily explained. The centcr of dynamic pressure lies in t$e 

[ 3

zero position, i.e., the position of maxXimum pressure at the apex




f§ence in the orifice. On turning the nose, it

 1at r&l y near the orifice, while the latter is 1tself
3 nﬁoAa ragion of lower pressure (COmpare,“D:uhkverlauf um
gel" ;—'by 0. Kre‘ﬂ, Jr., in "Ueber :Messung Ton dyma.mischem
,fsehem Druck vewegter Luft," Munich, 1904, p. 41).

E,In the Ob}iqae positlon, the slot likewise shows & Pressuré
cxease (iﬂcrease of negative pressure). This is not so easily eXe
piatned aa in the case of the nose. It comes from the eoﬂbzgsd aeQ
tion of different causes. If the slot is far enough back efathé;
nose (wbose shape is imuaterial for this discussion), the pfessuref;
in the axial pOSitlon is then approximately statlc on the whole
circumference of the slot. I1f, however, the Pltot-static tube is
,dblique to the dtrection of flow, the pressure distribution on the

glot becomes uneven. On the side toward the flow there is positi
pressure and on the back side negative pressure Or diminished posi
tive preseure and in the intervening regions, in part, greater neg
ative pressure. This pressure distribution produces a turbulent |
flow about and through the slot and it is obvioug that the result-
ing slot pressure, measured by the manometer, is sraller than the —
static pressure. The above-mentioned chamber was provided for thei
’f purpose of equalizing the pressure between the different positions;;
of the slot.
Figs. 18-19 show the deviations in Getail. The velocity is
correctly given up 10 15° inclination. 4t 20° the error in the ve—

locity calculated from the dynamic pressure amounts to a mean of
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-1.94; at 30°, -10.5% of the axial velocity. The deviations in

static pressure are greater. The tube gives accuiate result;;:gr
'in the zero position or within a few degrees of 1%. It is4j
ticed, first of all, that, in the inclined position, the tzsbe
to0 small a pressure hence too great a negative pressure in
case considered. At 10° the error in the static pressure 1s =1
at 20°, -8%; and at 30°, -16% of the axial dynamic prassu'
errors in the nressure readings of the slot are somewh&t
if the edges of the slot are rounded off. Figs. 30-21 gtve ;
curves of dynamic and static pressure of a Pltotnstatic tdbeirf
B with square and then with rounded edges, the rounding radtus“b
| abcut 0.5 mm. The difference is here particularly noticeablé g
_the instrument with a square—edged slot, for reasons nat accurat
determined, shows a greater sens1tiveness ofi the slot %o directi

than the instrument with Whloh Figs. 18-19 were obtained. The ai-
minished direction sensitivity of :the slot with the rounded edges

ALK B L2141

~affects the difference measurement unfavorably. The following tab‘$i

comparcs the two instruments.

Table 1.

Error in % of dynamic pressure
Dynamlc pressure 7 Static pressure i
20° 30° 10° 20° 30 ;

PR T AR T TR DAOR B 41ttt

Slot edges square -2.8 -3.2 | -11.3
slot edges round -4.4 -0.7 | - 6.3
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tically insignificant dissyumetry of the pressure curves obtained

 :!!fo turning about the transverse axis. The .errors given for direc-

~tion deviations are mezn values from thc data for mmxg about the

—@im.la and transverse axis.

»

3 Smcig_é.r forms of Prandtl's Pitot-static tube.

&) Dust instrument.- Snecial forms of the Pitot-static tube

mﬁe :fer special purnoses, 'vhich differed from the normal
:'ﬁchiefly rm the inside. For experiments with air currents con-
Vdust,r an enlargement of the normal form (d = 12 mm) was ) 7
: ble. Practical experiments showed it to bc expedient to
‘the froﬁt opening loosely with coiton rool, which did not |
:er the pressure transmission, in order to prevent the soiling
of the ins:.de of the tube. On the rear end, tucre was a screw plugr

fac:.lltate the cleaning of the inside.

Mine instrument.- For measurements in moist and very impure -

, in mines, an instrument is used with greatly increased

‘dimensions, 4 = 55 mm diameter (Figs. 22-24). The front orifice
rf—"iopens into a chamber where the condensed wmter and foreign vodies
- can be deposited. The pressurc-transmission pipe is inclined, in
| order to facilitate the exit of the condensed moisture. For this

purpose, thc support a rests, during the experiment, on a water

js'ea;g. The slot does not go clear around, but there are, for struc-
3 gras?cms,r four interruptions left in the circumference of the

;p'uftside pipe. For iransmitting the pressure, pipes or hose connec-
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tions can bc screwed into tne coupling boxes b©. Otherwiss, the
dimcnsions of the instrument correspond to the proportions of the
normal form. Tfig. 25 shows the direction sensitivity for the pres-
gure difference and slos-pressurce ncasurement. Contrary to the
normal form, this irstrumen:, in the inclined position, first shows
a slight increase in the dyaemic pressure, up to 2% error, which 1s
apparently cornected with the greatly enlarged dimensions. I3
seems »nrobable that (due to the la— of similitude for viscous flu-

ids) the small instrumente tosted at very high velocities will show

gimilar deviations.

c). GComvonent instrumeat.- It may occasionally be desired to

meacure the components of the flow velocity in a given direction.

Such, for example, is the case, whén it is desired to determine
the quantity of air floving {hrough a crocs-section in an obligue
direction, without knowing the anglée of inclination a between the
flow-direction and the pcrpendicﬁlar to the cross-section. The ve-
locity component in cuestion is v cos G. In ordcr to dctermine
this value, we nccd & Pitot-static tube, which, v»laced obliguely
at the zngle a, will give the value ‘%Eé c0s?a as the pressure
difference. It —ill probsbly be difficult to make an instrument
which vill mcet this requircment For any desircd angle. Tithin a
comnaratively small angular range, the componcnt ricasurcrent can

be made with & normal pitot-static tube, having a nose orifice of

about 0.1 d. Fig. 26 gives the deviations in the pressure data,
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B i B E 2
DA, ed—with th£ theoreulcul valuce %z; cos®a, for tivo bores
) =]

f;OilS a ané Oiﬁﬁ d. The aiffercnces betwecn the measured and cal-
~shown in Table II. With the instrument having - |
pressure data fall slower than %suad corre-

curve. On the Vontrarj, the tubc With the

'Lla ‘bore shows too little pressure from the bevinnlng

- Table I1I.

Error of measured velocity
in % of celculated vclocity component.

10°

15°

20°

250

3¢°

250

0.156

-008

| + 0.5

"0-6
+0.9

-0.8
+C.2

"1-7
+0.3

-4.1
~1.2

"6-5

-4 & ¢

r% 0

best oore for comoonent measurement is vrobably about Q.1 d.

. - TESTING FOREIGN FORYS OF PITOT-STATIC TUBES.

- The object of the investigation, aside from the creation of an =
xtensively utilizable and rcliable Pitot-static tube, was to make
:pomparative tests of tubes from othner sources, c¢specially those of

“Brabbée and. of G. Rosenmiller, Dresden.

1. Brabbee's Pitot-static tube.- This tube is alrcady known
rough the "Mitteilungen dcr Priifungsanstalt furiHeizungs- und
ftungseinrichten,"hxom 1. In design, it rcminds us of the old
Pitot-Darcy tube (Rﬁﬁlmann *Hydromcchanik® 24 edition, Hannover,-

) and of the American forms (Gregory, "The Pitot Tube," Trans—r .
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the static »recsure folls aquite repidly from th2 start. Consé-

Vbution of the static pressure and consequently also of the dynami
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actione of the American Sociey of Mechanical Engineers, 1904;'

Taylor, "4 form of rﬁtou Tuoc for mcasuring air velocitles,” nng*

lish News, 1903). It consists of two concentric cylindrical

with the same &xis and a cone for the transition from the inner to

the outer tube. The inner tube ps o3enus a distance equal o its

ovn diamcter beyond the outer tube (Figs. 237-29). The statlc pr

sure is measured through four pe**crauions in the outer tﬁbe-

P s

tube e ugsd hed =n oatside Jiameter of 7 ma.

Figs. 30-31 show the effect of inclining the tube to the &i-
rection of flow on the pressure readings for revclution aboutvﬁh

gpindle and transverse axes. The nose shows tﬁa nown pressuze

distribution of 2 tube cut off square. The resﬁﬁ%anz pressure T

meins constant up to about 15°, so long s the center of dynamie
pressure lies in the orifice. With greater inclinations, the su

tion effect of the air floflng'by the orifice creates a noticea-

wltﬂ the lnclination of the tube

ple diminution in the »nresasure.

Cu e

guently, the Synanlc pressure measurements give tco high values
(up to about 10% of the axial dynemic pressure), so long az the

resultant pressure remeins constant. The error in the dynanmic

pressure is zero, ~hore the resultant and the static pressure sho

the same deviation as a result of the obliquity (atout 40°). The

effect of the spindle produces a slight dissymmetry in the distri-

pressure. The pressure-velocity constant of the instrument is
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7?i'7~,'1.001, i.e., practicelly 1. Hence, the instrument correctly indi-
" cates the static pressure in the zero position.
There are 21s0 several special forms of the Brabbee Pitot-
 static tube.* A tube of d = 13 mm Qlameter, vhich has six slots
-1 x 3 mm, instead of the four holes, shows zbout the-same sensi-

. tivity to inclination. The same holds true for another tube,

- vhich serves only for neasuring static pressurc. The inner tube
 is cut off at the front end of the cone and closed at its base.
' iThé external pressure is relieved by two rows of four slots

5 x 10 mm, which in the longitudinal direction are about 10 mmn

. 8. Rogenmiller's Pitot-static tube.- This instrument closely

resenbles the new form of Prandtl's Pitot-static tube. It likewise

7 nose bore, b = 0.345d;
‘distance of slot from tip of nose, 2.8 d; width of slot, 0.1 d; |
Gistance of spindle behiné slot, 8.4 6{8 = thickness of spindle).
‘The front edge of the slot is rounded. The slot is covered on the
spindle side for a width of avout 0.5 d, in order to prevent any
reaction of the spindle on the pressure readings of the slot. The
rear end of the insitrument forms 2 cone, in order to avoid too

greet turbulance behind it. This cone hos no effect on the pres-

~sure Teadings of the Pitot-static tube. Its introduction into the = -

vipes is ¢ifficult and recuires comparatively lorge openings.

~* (wErlanterungsbericht zu c¢en Regeln fur Leistungsversucheran Venti-
latoren und Kompressoren' V.D.I., 1912, p. 1834, Fig. 15.) -
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The pressure éata of the nose (Figs. 35-36) show mﬁﬂgm
 for inclined oosiﬁons. The static pressure, while mﬁiﬁg
the gspindle a.xis, falls more slowly than with the Pitot-stat
_tu‘bes of Pra.ndtl and Brabbée. Through the intermpt%— :

the regmn of strong negative pressure in the obliqwe

_tance around. This result is partly due to the r

inte""uptlon in tne slot is ;.urneo to~a @ the oncoming al

Cn turning toivaréd the other side, the pos:Ltive preqsure is ellm

ed on the rear sice, so that the air cammt flovr

sure neesures too grest. This lack of sy'rmetry' na:tn:rally ai"fese'tee
“the distribution of the dynamzc pressure also. Trre 'la




giﬁh tho slot covcring It is not nceded to prevent the ro—

:é‘the pOSitive pressure on the slot. The thick ronnd spindle

fore the 1nvent10n of the form of Pitot tube descri‘bad.

Redknagel's baffle plate was extensively employed with the pres—
sure-velocity constant of 1.37 found by Recknagel (¥Zpiischrift
des Vereines deutscher Ingenicure," 1886, p.482). Rietschel's
experimeﬁts demonstrated the inaccuracy of this constant and,
moreover, called attention to the dcpendence of the"coefficiént
on the flow characteristics.* 1In order to settle this beyond di§4
pate, two baffle plates were also employed in the turbulence ex-
periments described in the fdlE&i%ng section (Figs. 37- 39). One
had a réctangular cr0ss-section and 8 thickness cf 5 mm; the
other, semicircular edges and a thickness of 3 mm. 1In turning,
the round-edged baffle plate behaved better than the one with
square edgos (Fig. 40).

1t may be well here to make brief mention of experiments in-

ended to give information ag to how far a baffle plate .
sMitteilungen der Prufun sanstalt fuf Heizungs— und Luftung—
einrichtungen," Charlottenburg, No.
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the direction of flow, is adavted for measurine statlcrnreasure&::
Figi 41 ghows the exverimental arranzement in the o014 wind tunﬁeﬁi
of the thtingen laboratory. A Prandtl Pitot-static tube of nor :
form served for comvariecon. Both instruments were in a rerion o
uniform velocity and were located onlvrfar enourh avart, so thevy
could not disturb each other. The baffle nlate was flrst olaced
parallel to the direction of flow, i.e., so that both oerqugtigﬁsf
ghowed the same pressure. Then this pressure was comovared wiﬁﬁg
that of the Pitot-static tube and finally the flow velocity waéé
measured with the latter. Due to the suction effect of,tﬁé giré
flowing by, both vaffle nlates showed nerative preasure. jfof;t
vaffle plate with rounded edges, the suction effect was about 11%
of the velocity. For the square-edgad bvaffle plate, the suction
effect fell from about 54 to 23% (Fig. 42 and Table III). Simila
results were obtained with other bafifle plates, such as lens—-sgha
plates, flattened lenses or rounded disks with more or less de-

pressed middle portion. It is not necessary to go into further

details concerning baffle plates, since Pitot-static tubes, on ac-

count of their greater convenience and reliability,  are now gener—

ally preferred.

hdad il o il

"
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Table III.

24

Baffle platce with round edgcs.

Prespure measuremcnts with obliquely placed baffle plates.

1

Velocity Pressure differcnce
—pressure split disk
N v
mm weter m/s mm water % of q
0.93 3.85 0.13 14.0
1.33 2.6 0.15 11.3
1.72 5.35 0.20 11.6
. 2.13 5.84 0.24 11.3
- 2.56 6.40 0.239 11.3
2‘96 6088 Oc33 11-2
3.36 - - 7.33 0.37 11.0
%78 7.78 0.45 11.8
4.24 8.34 0.49 11.5
- 4.67 8.865 G.50 10.7
B 5*1&_ 9008 Oi 57 11.1
- 7 9.'46 0060 ’ 10;7

Baffle plates with square edges.

Velocity Pressure difference
“pressure split disk
v
mm water m/ s mn water % of g
3.77 0.4%7 528
4.80 0.78 54.1
5.69 1.08 33.5
B.48 1.32 50.4
7.18 1.45 45.0
785 1.54 39.9
2.46 1.49 33.3
2.03 1.45 28.4
9.80 1.35 23.5

; | !“
‘\“Ju\u il

)
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VI. - EFFECT OF DEGREE OF TURBULENCE OF AIR STREAM
OF READINGS OF PITOT-STATIC TUBES.

The Report of the Teeting Laboratory for Heating and Ventilat-
ing Devices (Bericht der Priifungsanstalt fir Heizungs- und §§i§§ﬁ§+

scinrichtungen) alrcedy refcrred to, first calls attention to the

desendence of the indications of a baffle plate on the nature of .

the air flow. any accurntc and hence quantitative dote
the velocity is impossible with this instrument. Therefore it
required of the new Pitot-static tube that its readings should:

affected in the least possible degree by the turbulence of the
In this connection, the term "turbulent" will not bve employe&;tn

the usual sensc of opposition to "laminar," since, in the “techni
ally occurring air motions, we would probably never have to do;
with laminar currents, i.c., with currents below the critical ;;
- locity. The tcerm turbulent is herc intended to apply to a curren
containing strong eddiecs and congequently of varyina‘direction. :

The eifect of the turbulent nature of the flow on the reading;
of the Pitot-static tube can be most readily determined by mes suUT—-
ing the dynamic pressure at differcent voints in 'the tunnel both in
a smooth and in a turbulent current and comparing the results.é

This comparison is rendercd difficult by the fact that individusel -

measurements are not accurate in very turbulent currents. The fol-

lowing method, though slower, is more accurate. The quantity of
air drawvn in is determined by velocity measureménfs throughout

the cross-gection in a smooth current (i.e., directly behind the



S

N.A:CiAs Technical Memoranium No: 303 | %

;;}Qégt:ancé cone) and then in a very turbulent current. The unrelia-

TR

bleness of any single measurcment still persists, but the mean of

~ geveral measurements is accurate enough to cnable a reliablc com-

 parison, as will be further demonsirated. Special disks (Figs.

“Pitot-static tube in a smooth current; q, = B

= 43-44) were employed in the entrance pipe 2.25 m in front of the

test point for creating especially turbulent currents.

Y Vol
If q, = 8 —§§Q- denotes the measured pressure difference

~~ in a amooth current; B,, the pressure velacity constant of the

2
Y v,

2g the meas-

‘ured pressure difference in a turbulent current; 8 , the pres-

1

" gure-velocity constant of the Pitot-static tube in a turbulent

'current; and R, the radius of the conducting pipe, then the
quantity of alr flowing through the pipe in a smooth current 1s

Q=2Wj°v° rdr or, since v,

2 R _
& / ‘\/ab d(l’z)-

[«

For the same quantity of air in a turbulent current,

- R _
Q=m1/ ,ngp’ foJa. d(r®) and, hence,

R / R
1 1 -
T h /A e =/—a-.,-g J/a, a(z?) or

R

e, Ja, a{r?)

L]

_ 4
X
/
d

\/a; d(l‘z)
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and hence the ratio of the pressure-velocity constants is -

A/ a?)

A
=1 =
)

.

q dl'z
{«/ o

mean value of the dynamic pressurc on the ring sufﬁ&ééé» the Fied

otion D

(Figs. 1, 45 and 46). The Pitot-static tube can be shifted in th
radial direction in the rotatablé scction. The latter forms an :

integral portion of the intake pipe, runs into two rings R .

The rotary motion of the section is transmitted by a string to th
drum of the recording mechanism of a micromanometer (Prandtl, V.D A
1909, p. 1718, Fig. 11). The power transmission between the Totat=
able section and the recording drum is so adjusted, éhat one revo
Jjution of the section causes onc revolution of the drum. Thus thgfés
deflection of the manomcter is recorded on the unwound circular

" path of the Pitot-static tube. Fig. 47 shows a dlagram obtained
in this manner, of which each Pitot-static tube gave nine speci-
mens, corrcsponding to the three flow conditions and the three
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Aﬁsaa velocities 6 9.5 and 13 m/s. From these diagrams the mean
‘dynamic—pressure for each ring was determined by planimetry. The
local V&?iationsi;gﬂdynamic pressure on the same ring are some-
'iﬁeskquite largé; especially at high velocities and in & turbu-
1eii;sir;étream.  Nevertholess the mean values of the repeated
‘1ecords agrce vcry satisfactorily, the devfatlons being mostly
ess,then 1%, showing that the results of this method are more ac—
rategthan those obteincd by the method mentioned at the begin-
ipgﬁo? this section, which was based on the comparison of the ini"

=§1v1dna1 local measurements. Figs. 48-49 likewise illustrate the

é;ccuracy of the mean velocities thus obtained. The mean measurcdﬁf

dynamic pressures on account of the varying diminution of the

on the basis of a clear cross—-section of the pipe.
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Table IV. )
Prandtl's Pitot-Static Tube.

wWithout With turbulence disk I | Mean %
turbulence Volume Ratio of increase

disk. s in
Yolume surface co:ff1°¥$n:s coefficient
surface o (2D due to

Yy 2 Ro Vo’ turbulence

3
2 2

cm

175.6 1.034
263.4 1.046
395.1 1.044
1.041

cm

176.7 1.022
364.0 1.043
395.0 1.051
1.039

175.6
263.4
394.5

166.0
263.3
367.0
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Table 1V (Cont.)
Prandtl!'s Pitot-Static Tube.

: Without With turbulence disk II} Mean %
— turbulence ' increase
o disk. Volume Ratio of . in

Volume surface |coefficients '| coefficient Remarks

By _ (& due to

AA R ‘v, / turbulence

o
cnf

178.5 1.033
268.5 1.040
402.4 1.041
1.038

177.9 1.014
270.8 1.053
402.1 1.036

177.6 .
368.3 Narrow
403.4 bore

Square-edged slot

169.6 ‘ Normal bore
2370.7 with
376.2 5 round—-edged
slot.

The results of the turbulence experiments are given in Tables
IV and V¢ The corresponding volume surfaces of an instrument were
always recalculated on the basis of equal pressure drop in the fun-
nel (equal quantities delivered). The differences in the volume
surfaces for the classified flow conditions for the different
Pitot-static tubes aside from the different values of the pressure-
velocity constant, are due to unavoidable errors in the frequent

adjusting of the same rate of. flow with the pressure regulator.

No calculations were attempted in this connection, since the accu-
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racy of thae measurements for finding or verifying therpréésuref
velocity concstant was not great enough. The Pitot-static tubes B
all showed an increase in their pressure-velocity constant in a
very turbulent air stream, their mean values being S

for Prandtl's Pitot-static tube with normal bore,

" # " " Wide " R A

" " " rarrow "
L o ‘ rounded Bib%
Brabbee! s "
Rosenmillerts "
the bafflc plate with round edges

i n # " Sq\lar e 1"




Table V.

Brabbzee's Pitot-Ststic Tube

il il o

%¥ith turbulence disk I With turbulence disk IIjMean %
__turbulence , in-
disk. Volume | Ratio of Yolume | Ratio of crcase
- gsurface | coefficients gurface | coofficients . | ' 1in
- Volume — coeffi-
~ surface 2 7. 2 ’ a 2 |cient
= y N Ca VaN 3
. A o . o Ve turbu-—
s om? cm? o’ lence
~ 174.8 180.0 1.061 179.0 1.048
263.6 271.0 1.057 271.9 1.057 Sed
368.9 377.2 1.046 378.5 1.053
R 1.055 1.053
7 Roscnmiller's Pitot-Static Tube
- 175.9, 180.8 1.057 173.8 1.044
'365.3 370.3 . 1.038 27047 1.043 4.2
371.7 375.9 1.0283 373.8 1.046
1.039 1l.044
Bafflc Platc with Round Edgcs
210.7 - 2233.1 1.118 223.5 1.124
323.3 334.4 1.069 339.8 1.120 10.6
445.0 462.5 1.100 467.4 1.104
1.096 1.116
Bafflc Platc with Square Edges
= 211.7 219.2 1.073 219.0 1.070
336.3 33€.7 1.064 338.7 1.060 6.7
444.3 459.8 1.072 457.1 1.060
1.070 1.063

the Pitot-static tube.

gf*;" Thig phenomenon may bc explained as follows.

A% the front opcning the turbulence causes
a decroase in the measurcd prcssure, as compared with the true dy-

namic pressure, sincc the turbulent air in the middle flows ob-

The turbulence

effect is the resultant of thc reactions on both test points of




O

A ALV SO0 A N

'nents at first yield too high values- ?Rse dtffereae,

made 1n air not ertirely free from turbulenoe. In pmtfce, P
therefore, with a2 very turbulent alr stremn we can base our ca

culatiens on a arebable increase of about 3% in: the value of th

T NN O B N O TP TR B 1 R SR 72012 1

.~ turbulence nlong with the mognitude of the disturbance depents

on the velocity. This is apparently concealed by the amvoiﬁg’o

experimental inacouracics.
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- In Table V, the pressure-velocity constants computed for the
baffle plates are too favorsble. It was found that, even in the
undisturbed flow, the effect of the turbulence due tolthg.fric—
tion of the walls becomes noticenble in‘the boundary laycr by the
higher rcadings of the baffle vlate and that the volume surioces

- . for this flow are a;cordingly too larze. 1If, in Table VI, wc com-
| varce the volume surfaces of the baffle plates for the undisturbed

.. flow with thec correspondinc volume surfaceg of Prandtl's Pitot-

i
Pl

static tube, in which thc turbulence effcet ie rclatively small,

- we obtain, for the smooth flow, a2s thc mean cocfficicnt of the

-

baffle plates, 1.496 against 1.433 or 1,513 ngainst 1.448 of the

Ay

- whirling-arm calibration. If we now comparc the meon dynamic
pressure of the Pitot-static tube and the round-edeed baffle plate
for the individual rings (Tables VII-IX), the effect of the turbu-
lent marginal layer is noticeable. For the undisturbed flow, it
renches to cbout r = 130 ma. With exclusion o f the marginal i
values, the mean pressure-velocity constant of the round—-edied
baffle plate is 1.439, which asrecs very well with tke mean cali-

bration value 1.433 of the whirling-arm cxperiments. Thc cleva-

tion of the pressure-velocity constant in the marginal layer, is,
however, not due alone to the turbulent condition of the air, but

- ---—also to the proximity of the wall, which similarly affects the

pressure readings of the baffle plate. This is due to the fact
__that the pressure-velocity constants for the radii r = 1302140

in Table VII arc considerably greater than what would correspond
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to the turbulence eifect according to Tables VIII and IX for the
turbulent flow and also to the fact that, for the turbulent flow,
tihe pressuro-velocity constants for both these redii likcwise far>?
cxcead the mean valuc for the central portion of the stream
(r = 120 - 0} In order to> scparate the cffect of tho turbulence
from that of the wall, wc would have to improve the volume cgurves
for the marzinal leyer with the aid of the pressure-velocity con-
stant for the central portion of the cross-section and thus ob{,

" tain new volume surfaces. Since, however, the value of the baf-

VII.- (HIRLING-ARM CALIRRATIONS.

The pressure difference p, wneasured with the Pitot-static ==

!

tube is proportional to the dyramic pressure q of the flow ve-

locity. The proportionality factor is therefore P = %Lsi Whéf&
2 .

q = 0% reprcsents the dynamic pressure of the flow. Its deter=C

mination, i.e., the calibration of the instrument, was accom-

plished witih the whirling-arm in the manner first desor{ped by
Recknagel (“Ueber Luftwiderstand,” Annalen der Physik und Chemie,
Vol. X, 1880). The method consistéiinrcéueing;tﬁe%inétrument é&
wove through the air at a velocity which is calcul#ted fronm tha:
mmber of revolutions per second and the radius of the circle &6—

gcrived by the instrument on the whirling-arm and in simultaneou

1y observing the pressure difference between the nose of the in-

strument and the slot. In this method, however, there is one di



-~ ——=Pitot~static tube (Stack, "Ueber Mitwindbestirrunsen bei Ancmom—

~—— form throughout thae exoeriment room, which is the case, excepting

=
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turbing factor, nomely, the air swirl created by the whirlingFarn,
so that the relative velocity v of the Pitot-static tube, on

which the pressure at its nose depends, is leces than ghc specd u
of the whirling-arm. Recknagel attempted to determincithe'vclooi-
ty of tiic air swirl by comparing the ércésurc measurenents auring
the first rcvoluticns of thie apparatus (vefore the croation of

any appreciatle swirl) with subscquent pressurc mcasurcments. No
groat accuracy could be ovtained in this manner, since, cven if a

7hunif&rm spead werc attained during the first revolution, the in-

certia of the micromanometcr prevonted any immediate readings An-

- -~ other much-employed method for determining the swirl velocity

eﬁer—Prﬁfungcn,“ Annalen dor Hydrographie und maritimen lMotcorolo-
- esie, 1904, or Technical Rcports of the Advisory Cormmittce for
- Aeronautics (British), No. 71, December, 1912). This method, how-
”jiever, glves only temporary :ean values which may easily be too

large, on account of the inertia of thc anemomector. The following

method, also invecnted by Rocknagel, is more rcliable and conveni-
ent. In addition to the pressurc difference p, betwoen the slot - g
and nose, the pressure at tac nosc is aleso mcasured by a sccond

manometer, wiereby it is assumed that the static pressure is uni-

for the vortex reglons behind the whirling arm and the Pitot-static

““tube. = The dircct measurcment of the pressure at the nose is, how-
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ever, impossible, on account of the centrifugal force p, in t!
pressure-transmitting tube on the whirling-arm. On the contra ¥s
the second marometcr measurce thc differcnce p,  betwesn the'q

trifugal forcc and tho pressure at the nose. Té&s

- Y v®e
P, =% - 2g

If w donotes the angular specd of the whirling-arm, Afgi%itae
peripheral spood, and z the mumber of revolutions in ﬁh&‘tiaeé
T, the centrifugal force, on the assumption that the air is,not

Qercby compressed, is
Po =

or (if, instead of wu, the observed vailues of z ané T “are 1&-

troduced, 1.c., u =

= 23T Ry _ N /2N
Po = S (1 -3, 7 (2)

(The ratio r ! R 1is usually very small, here about 6 : 274; ';e
thet, in compariscn with 1, its square ray be disregar&;d; Here‘
the ervor is abouf C.05%.) Here R 1is the redius Qf'the circle
wnose circumference is the noth of the Pitot—stéfic %ubé éhd r
is the radius of the chamber, on the whirling-arm axis, from whiec
- the pressure 1s transmitted to the manometer. The pressure exert-

;iéd by the centrifugal force is tnerefore equal to that of the ab-

- solute speed and the relative dynamic pressure is thereieiar
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whereby the pressure-velocity constant becomes

S
O —
“Cc pz

In the whirling-arm mechanism employed, the vertical shaft is
driven by an electric motor, through a belt, chain and worm gear.
The maximum radius, =t which thc instrument baﬂ'be fostened, is
about 2.75 m and the maximum nbsolute speed, thus attained by the
smooth running of the whirling-orm, is about 17 m/s. The arm has ..
an elliptical cross-section 40 x 140 mm, in order to penetrate
the air wifh as little disturbance as possible and keep the swirl
velocity as low as possidle. The swirl velocity is here 3.5-4%
of the absolute speed of the arm. By & speccial device the instru-
. ment is held about 0.5 m in ffont of and about 0.35 m above the
arm, so that there would scem to be no possibility of the readings
of the instrument being affectcd by any rocaction of the arm. The
instrurent is puyed to the arm with a stecl wire of 2 mm diameter,
so that the radius cannot be affected by the centrifugal force
during the measurement. Thc rcadinz of the pressure at the axle
15 rade under a water-sealed rotating bell (Fig. 50).

The calculation of thne pressure cxerted by the centrifugal
forcc requires an accurate dotorrination of the number of revolu-
tions during thc obscrvation period. Thig is done electrically,
by making a mark for cach revolution on the moving strip of paper

in a chronographe. The timc-marks at one-gecond intcrvals are made

by the main clock of the laboratory. The chronograph is driven by
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tion. The paper band was of such length that about 40 revoluti
could be recorded.
ished the scale for the partial revolutions in a gi?éa geriod

time. The uniform length of the gpaces between the time-marks

rendered it vossible to test the uniformity of the revolution
speed. Due to the resistance in the long pipes, the manomeﬁer,
f'for the difference measuroments was slow to respond to dist&:
in the state of equilibrium of the whirling-arm. In order to

deflection was observed for a time after tne terminatiom.oi ﬁhai
chronograph strip and the results of the exporimont wcre used

only when the manometer rcadings remaincd constant.

The air density was determined from the temperature and b&,

eter readlng- The latter had to be corrected for the vapor ten
sion of theo air (Kohlrausch, "Lehrbuch der pn&ktiséhen'?hysik,"
Loipzig, 1910; Chapters 13 and 47). Damp air can be up to about
14 lishter than dry air. The moilsture contcnt of the air was de=
termined by an Assmann aspiz&ttﬁnApsychramqtcr. iiﬁe results &ro
given in Tables X-XV, but in detall cnly for Eheééégéééprincip&1§
types of the Pitot-static tube and the two baffle plates. The
pressure-vclocity constant for all three Pitot-static tubos is 7
- practically 1 and indcpendent of the velocity, which renders thcé
suitable for the direct mcasurement of the static pressurs. Whogr

there appears to be a slight decrease in the pressure-velocity
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1i¥§»é£cr§asing velocity, especially with the baffle
te ihis‘may be due to a less degree of turbulence in the air
ft 1&! velocitiea. T—ha mean pressure—velocity constant of 1l.44

¥evolution, we have explained the functioning of Pitot-static
%uﬁes,é ;?ﬁ;th special attention to the one designed by Pmmiti. We
have é&éwn that & new form, finally adopted by Prandtl, largely
satisﬁ;ed the requirements pf a practical instrument. Its pres-
mre-#élocity constant was found by the whirling-arm calibration
to be approximately 1. Hence the Pitoti-static tube is adapted

for measuring both velocity and static pressure. 1t gives accu-

rate velocity measurements when inclinad up to +15°. In a very
turbulent flow, it gives the velocity about 4% too high.

We have described spccial forms for making measurements in
air containing dust axﬂ 1a the mlst air &i n!iﬂee. - By reducing

the bore in the nose, the instrument was adaptcd for use as a

"coximonent" tube in a range of about +30° with an error of less

than 2%, while showing the axial velocity component in the axial

position in an oblique current.

For comparison, we tested a Brabbde and a Rosenmuller
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Pitot-static tube, as also a round-edged and a square-edged vaffle
olate.- Both tubes had the same pressure-velocity constant and
about the same sensitivity to turbulence. The scnsitivity of both
tubes to inclination was greater than for Prandtl's Pitot-static
tube. The pressure—vclocityIconstant of 1.27 for vaffle plates,
as given by Recknagel, was found to be too small. It was 1.44 and
increased about 10% in a very turbulent current or in the vicinity z
of the walls of the pipe.

All three Pitot-static tubec are of about equal merit, as re-
gards their facility of accurate reproduction, their pressurc-
velocity constant and their sensitivity to turbulence. Prandtl's
tube surpasses both the others in 1ts smaller degrce of scnsitiv-
ity in the oblique position. mogenmullerts tube, in its present
form, is not convenient for practical use.

Baffle plates should be discarded in favor of Pitot-static

tubes, on account of the variable value of the pressure-velocity

constant of the former.




PR e

200" T SEA_TEoq |
000°T | 48'% 64T°T |
000°T | T&*S 0eT g |
£00°'T | S2'4 £82°¢ |
TOO'T | €6°4 198°¢ |
S00°T | 7976 19645 |
0TO'T | T9°TT| ¢€88'8
c00°T | 89°¢T| TOg 1T
200"T | 04 %1 96T ¢1
mm;;;-;ummml utu:t&mmmil
Mgt x| ga-SaT
-d AL

rJ o I

H @® >

e "y 3

(] ot Ly ] wv
S & g SEe6
Sa a B
2 & @ ¢t

u B
E o .m %3
o ®

: :

K -

W o o . 400 i i ok WO

e o, s ol s Y A o v e e i G W i s s s sl
"

llllllll i III.III..tl!ltild‘..lll‘lftlillllj
|

760°0[4lT"T w gLg°T | 18T | 28e'9e
es1°0!621°2 ! 682°€ |-80T | 65¢'8¢
Sr2°0|GEE'e | 62S°S | 68 | 67V 'eS
282°0|8¢8°¢ | €TL'y |08 | 462'8S
£2¥'0|786°G | PAETO | L9 | £96°6E¢
G29'0| 9£°8 | S06'8 |95 | ¥eEa es
906°0| TP TIT | 492781 | 6% | 18 0V
970°T) 6T°CT | 208731 | 67 | 990°0%
m&\mm- o1/3% sms\wx s |

2d g °d I A

i

s | :

¥ 82 § 35

@ o -, B <

o 0] o Hy et X O
o w m o o H -
2 E H | HP -3 Heo
s | 85 | 8¢ 5 & o
| BE |78 % i

ct ot P m m

=
&

Fifi.lt.fltli\ftftftrrtptffrfﬁft;r(

aﬁom,H¢Ego¢:y aqny uigﬁuw:pog4

L

88T 1 1°91T | 0°8%4
56T T vct | 9 vp
$6T" T G°GT | 9° 1%L
eBeT " T! mw.mﬂ A
e6T T L 9°GT | 994
26T 1T ' 8°CT { 9° 9%
seT"T! €°T9d 1281 "8'GT {971
T6T°T| e°tss | €8T | 09T | 9 974
SR S S SRS SRS ————
ms\mm 0, 35 uww
A p S g
i W. m»q .
H 2 &
o & S
o 5 S
: N
- o H
ct ct
- o
H
r._.ll....l._lt-, . L |I.!.2l.l||[.r'w||-,.._fr.k..lt.rlfttf
8, Tapuead " ‘

.EEPI;?I.F?!FEEE &F‘[‘f&sf&%ﬁgff —

T

il e o




4B6°C SNT8A WBOR

GE6°0 enTBA UBOR

$O0° T enyeA UBLT

i i e o e i s S s s 070 W

eTO" T entea uBejf

——t -

prappp— b enautand nl.l.l..ll:l.tl.l.t.lj..lll.l-l.,.lcl-l.l.l.lll-ll.‘.ll.l-'l-lj‘.l'.l'.l |||||| e 2y g - - - N o o 1 o — e =
# £66°0 89 v
$46°0 00° ¥ 266°0 12°% 8CO0°T . g1’ 9 L00°T (0, R
0668°0 | 4¥°9 G660 28°g - 20C°1 ey’ $¥00° 1 86" ¥
000°'T 294 966°0 924 $00° 1 9 8 8T0°1 94°S
966°0 ov°8 866°0 G2'8 0C0°T G0°'6 020°T oYy’ 4
g00°'T G0 01 L66°0 8z °8 T00'T T9°01 ¢T0°T gv'6
666°0 G4 T $00°T 10° 1T 866°0 10° 11 Q10°1 L0 6
L00° T 60°¢el 2001 L6°81 G001 g1°2at L10°T % 01
g00°1 ¢0°ST 200°T 0S 91 eo0°t 12 ST Go0°'T ¢6° 11T
200" 1T 00° 9T T80°T L2° 9T 600° T Sy ot SgT10'T 62°2T1
lllti!lll!!lrti|!lilillll!llll‘ll!lrillllll||Llll| IIIII e e o o s i 1 e e
8/u e/w s/w 8/w
g A g A d A i . g A
quUB18U0D 1uUeq Suoo . que3SuU00 1UB438U0D
A3700T8A poodsg Kq100T54A poadg £3100T0A poads £y100104A peads
exnagsid oInssold pInsserd ! osanssexd
3018 pepunoy 210G °PTM 8I0q MOIIBN ﬁ wI0¥ P10

o —— " o W - S g o T T i T g A S Wt G S =

2

*eqng 013838-

IX ©TQBL

10414 8

eog

1 T3puBLd

- O UWMpUBIOWSH TEROTUUSSL 'Y°

- b > B il v W st

0N




I e s s I o Y - gy T > s o I M Gnie WS W W s i e e e e

00" 1enTeAs uwesy

B Y Lot tad admbraiindediad

400 T e
000°'T ;8%°G
$00°T | 204
G660 1678
¥00'T 189°01
€00°T [ g0°¢T
T00°T | 06° %1
L66°0 OH.mﬂL
mm|1 B /W
m>>

g o

H o

Q -
g8 | 2
o <
Qo o

R L o

o b

ged’o
918°1
£00°¢
SPe v
¥$8'9
60€°0T
00G'eT -

ETRE
2/ 3

2d4-2d =28
d--d i

m>

peeds
- BAT9RISX
- 943 JO exus

—-soxd OTWBUAQ

Rk LR X R

2

. i e o s, . e

eo0I0J

TeSnz 1I3uUe)

SouLIeIITA
omy ]

juswoIngsevew

H Bt ! b |
i b i e e b o

P61 6¢
GL2'OF
9% ° 6%
T 8¢
£00° 62
S08° LS
966" 69
¢y 8¢

ot ]

WIe-FUTTITUM
IO SUOTINTOASY

tltlnll'..'lt_l.

- e s o

| i
e o e i s b i s i it o
i

|eeT'1

L8T'T
L8T°T
48T T
88T1°T
68T 1
e6T'T
26T’ T

R

A3TsUsp ITY

[-l-!ustlll!ll

'8, 080881g |

,FE.EEE F

——— oty e s S

{ﬁQ
(2¢]

PO309IX0D

Sutpeex

~ I838WOXBG

I9qamoryoLsd
Jejemoreyd

htf(tlt%"""l"[t
i 1



Sigﬁ—si—!gggg O 0 OO SO IO TR 1 - i | '

_w @ﬁ”,m:aw$g=
thi 810,

v s N . A O G A 0 .

By ww

sfw | o/ m. | _1;1, " B |

.
@

I9j0mOTRE =

- 980U
18 eInssexd
quomeIMBBAM
00U IoIIT(d
. B0IO0F =TT
T83nJTIUSD

I9q0moIyoAisd

mre-SuTTITUA
JO suoTaniOoAey

- =sead otuweuig

9Yy JO exns

'~ poeds eAT®TOW

Lo b 4 o s o

R e




¥
1
1

pa
[ 3

e

-

— 00 TZ0Q-0Q
ot

*©- =z

-

L 00 -C0=

X
o OooOMnM

1 ugyeg
16 | 920y
Iy | sue'ez

e S M ey

i ] )
atudad Bl T

u\a

3

A

ostsvton
QﬁTCAQE
L3t8uep Ity
I0j0moTBq
P6100II00
TojeuworyoLfed

0 BUOT




Eietel e :%ﬁe; m...,h

8590
"_%m o

inseow
I83I31J

oo
P0UBIs

S3uoms

997,

oozo;

Tedngtazusp

:iéii
8

4

- BIe-

-.tlflll...li

- wIB-SuTTITUA .
’;B gUOTANTOADYy W

019" _A ,_,”.,,_H_,nbm_ T

l.yoe 1

.3og°t
|.%08° T

| 4igme |

A vy o 4
H =m

I0ojomuOreq £
Po3oeII0y

IogewoIgoisd —

oL.}.8 T8

me
oty ”- '
Sl IR

E.:..:

AR st R B 0

- e,

HE

"

it

LI A

i

AN

- —

B X




'81513WOUBE 10X
INS9L eanssax
*XELp eous

* quooLeuoy

eH




D ) D 8 OB MDA

PRI H AR

B QUL UL L

]

N.A.C.A. Tz2chnicnl Memcrandum No. 303

a

Figs. 3,4 & 5"“
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Section
a~b

Prandtl's Pitot-static tube.
0ld form
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* Figs.13,13,14. Prandtl's pitot-static tube.
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Fig. 17 Damming cffect in front of a
symmetrical conoid.
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Fige.37,28 & 29 Brabbée's pitot-static tube.
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N.A.C.A. Technical Memorandum No.303 Figs.41,42.43 & 44,

J

Fig.4l comparison of pressure reading of a
transverse baffle plate with the reading
of the slot of a pitot-static tube.
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N.A.C.A. Technical Memorandum No.303 Figs.48 & 40.
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